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~8 
I 
E ABSTRACT 

Potassium i s  analyzed f o r  oxygen by r e a c t i n g  samples of t h e  m e t a l  

wi th  bromine t r i f l u o r i d e  i n  a s p e c i a l l y  cons t ruc ted  monel r e a c t i o n  

v e s s e l .  The oxygen thus  l i b e r a t e d  is purged from t h e  r e a c t i o n  ce l l  

wi th  helium and mixed with an a l k a l i n e  s o l u t i o n  of sodium anthraquinone 

@-sul fona te  i n  a modified B r a d y  appara tus .  The r e s u l t i n g  co lo r  change 

of t h e  reagent  s o l u t i o n  i s  measured wi th  a record ing  spectrophotometer ,  

t h e  change i n  absorbance being r e l a t e d  t o  t h e  oxygen content  by means 

of a previous ly  prepared c a l i b r a t i o n  curve. Reproduc ib i l i t y  of t h e  

method is good with c o e f f i c i e n t s  of v a r i a t i o n  ranging from 1 t o  13%. 

E s s e n t i a l l y ,  complete oxygen recovery is  obta ined  from potassium 

bromate s y n t h e t i c  s a m p l e s ,  while potassium carbonate  add i t ions  

show t h e  method, a s  used ,  t o  be i n s e n s i t i v e  to  carbonates .  The 

appara tus  blanks a r e  i n  t h e  order of 5-10 pg df 0 2 .  

i 

Recommendations are given f o r  apparatus  changes and more p a r t i c u l a r l y  

V 
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I INTRODUCTION 

I 

A. Technica l  Background 

The r e a l  e f f e c t s  of potassium corrosion cannot be e s t a b l i s h e d w i t h  any 

c e r t a i n t y  u n t i l  t h e  l e v e l  of i m p u r i t i e s ,  p a r t i c u l a r l y  oxygen, can be 

determined with reasonable  accuracy. Various hot - t rapping ,  mass t r a n s f e r ,  

and cor ros ion( ' )  s t u d i e s  have shown t h a t  many oxide  s p e c i e s  may be p r e s e n t ;  

t h i s  i s  p a r t i c u l a r l y  t r u e  i n  s y s t e m s  cons t ruc ted  of d i s s i m i l a r  metals. 

The d i f f i c u l t y  wi th  m o s t  of t h e  chemical methods of a n a l y s i s  p re sen t ly  

employed is t h a t  they cannot respond t o  such oxides  o r  suboxides of t h e  

t r ans i t i on  metals .  I n  a d d i t i o n ,  t h e  s to ich iometry  of t h e  a l k a l i  m e t a l  

ox ides  present  must be known or assumed and var ious  o t h e r  contaminants may 

be determined as oxygen. 

I n  an at tempt  t o  circumvent these d i f f i c u l t i e s ,  t h e  o b j e c t  of t h i s  work has  

been t o  develop a method which, while remaining s p e c i f i c  - f o r  oxygen, w i l l  

respond q u a n t i t a t i v e l y  t o  as many oxide  s p e c i e s  as poss ib l e .  A t  t h e  present  

t i m e ,  on ly  t h e  neutron a c t i v a t i o n  method can c la im such genera l  a p p l i c a b i l i t y  

and a s  y e t ,  owing pr imar i ly  t o  high con ta ine r  b lanks ,  t h e  p r e c i s i o n  of t h e  

method l e a v e s  something t o  be des i red .  

Emelgus and Woolf(") s tud ied  t h e  r e a c t i o n  of bromine t r i f l u o r i d e  with oxides  

and some oxyacid s a l t s .  I t  w a s  pos tu la ted  t h a t  t h e  c r i t e r i o n  f o r  ready 

r e a c t i o n  w a s  t h e  formation of a v o l a t i l e  o r  reagent  s o l u b l e  f l u o r i d e  of 

t h e  metal  involved.  She f t c3 )  examined t h e  s o l u b i l i t y  of some metal 

f l u o r i d e s  i n  BrF, f i n d i n g  the  s o l u b i l i t y  of KF t o  be 5.38 f .03 gram 

moles per 100 grams of s o l u t i o n  a t  7OoC. 

f o r  t h e  q u a n t i t a t i v e  determinat ion of oxygen i n  m e t a l  and me ta l lo id  oxides  

and publ ished a modified per iodic  t a b l e  showing t h e  r e a c t i v i t y  of bromine 

t r i f  l u o r i d e  toward oxides  and oxyacid sal ts .  

used a similar method f o r  t he  d i r e c t  de te rmina t ion  of small  amounts of 

oxygen and n i t rogen  i n  t i t an ium and i ts  a l l o y s .  

Hoekstra and  kat^(^) used BrF, 

Dupraw and O ' N e i l l (  ') then  

1 



B. Program Phases 

The method employed here  i n  t h e  a n a l y s i s  of a l k a l i  metals i s  based upon 

t h e  r eac t ion  of bromine t r i f l u o r i d e  with t h e  sub jec t  metal  to  l i b e r a t e  

molecular oxygen which i s  then measured spec t rophotometr ica l ly  by means 

of a Brady(') appara tus  modified according t o  Silverman and B r a d ~ h a w ( ~ ) .  

I n  t h e  case  of %O t h e  o v e r a l l  r eac t ion  would be: 

6 G O  + 4 BrF, = 12 K F  + 2 Br, + 3 0, 

I n  accordance wi th  t h e  so lven t  s y s t e m  of a c i d s  and bases ,  t h e  KF formed 

can be regarded a s  a base i n  BrF3 s i n c e  i t  behaves a s  a F- donor i n  t h e  

equi l ibr ium:  

KF + BrF, K+ + BrF4- 

Bromine t r i f l u o r i d e  possesses  t h e  a b i l i t y  t o  act  both as a f l u o r i d e  ion  

acceptor  or donor: 

+ 
2BrF3 2 BrF, + BrF4- 

'"he a l k a l i  n ie td  .f l o u r i d c s  a r e  so lub le  i n  BrF, and csscnti a l l y  comyletcly 

i on ized .  The s o l u b i l i t y  inc reases  as t h e  s i z e  of t h e  cat ion.  incrcastas. 

Quan t i t a t ive  eva lua t ion  of t h e  method r e s u l t e d  i n  a development program 

which can be subdivided i n t o  t h r e e  phases:  

The design and cons t ruc t ion  of a s y s t e m  capable  of meeting t h e  

s t r i n g e n t  l eak - ra t e  requirements involved and of withstanding BrF3 

and i t s  reac t ion  products .  

Ca l ib ra t ion  of t he  oxygen measuring and potassium ex t rus ion  sampling 

s y s t e m s .  

Determinations of oxygen i n  potassium and oxygen bear ing  compounds 

(bromates and carbonates)  and a s tudy of t he  var ious  a n a l y t i c a l  

parameters involved. 

2 



I1 APPARATUS AND INSTRUMENTATION 

The appara tus  may be roughly subdivided i n t o  t h r e e  major sec t ions :  

1. The Helium P u r i f i c a t i o n  System. 

2. The Analy t ica l  System - including t h e  potassium e x t r u d e r ,  KEL-F 

measuring v e s s e l ,  r e a c t i o n  chamber, and a t t endan t  vacuum systems 

and co ld  t r a p s .  

3. The Brady Apparatus o r  oxygen measuring sys t em.  

A schematic drawing of t h e  o v e r a l l  apparatus (with t h e  except ion of t h e  Brady 

apparatus)  i s  shown i n  F igu re  1. The var ious  s e c t i o n s  of t h e  appara tus  a r e  

now descr ibed  i n  more d e t a i l .  

A. The Helium P u r i f i c a t i o n  System 

Commercial tank grade helium i s  metered i n t o  t h e  system by a Matheson 

Model #8-AF-590 t w o  stage regu la to r  w i th  f low m e t e r .  O u t l e t  p ressure  is  

set a t  about 8 ps ig .  I n i t i a l  pu r i f i ca t ion  is  accomplished by a t i t an ium 

g e t t e r  furnace  ope ra t ing  a t  about 80OOC.  The temperature  i s  measured by 

a chromel-alumel thermocouple connected t o  a Sim-Ply-Trol pyrometer. The 

fu rnace  c o n s i s t s  simply of an Inconel tube approximately 26 inches long and 

2-1/2 inches i n  diameter. The tube i s  f i l l e d  wi th  t i t an ium sponge and t h e  

c e n t r a l  por t ion  of t h e  tube i s  heated by a Marshal tube furnace.  

F i n a l  p u r i f i c a t i o n  i s  achieved by pass ing  t h e  gas through a Mine Sa fe ty  

Appliances Corp. Model 15 N a K  bubbler. The N a K  bubbler is  s t o c k  except  

f o r  t h e  dra inage  va lves  which were rep laced  by Hoke HY 473 s t a i n l e s s  bellows 

va lves  welded i n  place.  Upon en te r ing  t h e  bubbler ,  t h e  gas f i r s t  passes  

through a 

the temperature  being measured by an i ron-constantan thermocouple connected 

t o  a Sim-Ply-Trol pyrometer. 

t h e  same amount of NaK a t  room temperature,  and then  through a demis te r  t o  

remove any en t r a ined  a l k a l i  metal vapor. A g l a s s  ca t ch - t r ap  is  a t tached  t o  

t h e  bubbler  e x i t  f o r  v i s u a l  observat ion purposes.  

' 1  hot  leg" conta in ing  about 1/3 pound of N a K  (44-56% K) a t  30OoC; 

I t  then  passes  through a "cold-leg" conta in ing  

3 
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P u r i f i e d  helium l eav ing  the  p u r i f i c a t i o n  sys t em normally con ta ins  only  

about 0.2 ppm of oxygen a s  measured by t h e  Brady apparatus .  The e n t i r e  

p u r i f i c a t i o n  s y s t e m  is shown i n  F i g u r e  2. 

B. The Ana ly t i ca l  System 

The a n a l y t i c a l  sys t em i s  i l l u s t r a t e d  i n  F igure  3. The var ious  components 

are mounted on a Flexangle  frame and enclosed i n  a hood. P u r i f i e d  helium, 

c a r r i e d  i n t o  t h e  hood v i a  1/4" copper tub ing ,  is suppl ied  t o  t h e  va r ious  

components r e q u i r i n g  it by a manifold,  a l s o  cons t ruc ted  of 1/4" copper 

tub ing ,  and assembled by means of s o l d e r  tube  connect ions.  

The Matheson bromine t r i f l u o r i d e  c y l i n d e r ,  mounted i n  an inve r t ed  p o s i t i o n ,  

can be seen i n  t h e  upper l e f t  hand corner  of F igure  3. The BrF3 i s  f e d  

d i r e c t l y  from t h e  c y l i n d e r  i n t o  the  Kel-F measuring volume shown i n  F igure  4 ,  

which is an exac t  copy of t h e  one used a t  Argonne Nat iona l  Labora tor ies .  

De ta i l ed  plans f o r  its cmstruction a r e  i l l u s t r a t e d  i n  Drawings 4012286-191 

and -192 and the  Kel-F tube  i t s e l f  i s  shown i n  Drawing 4012286-193. The 

l i q u i d  bromine t r i f l u o r i d e  is  t r ans fe r r ed  t o  t h e  tube  by f i r s t  evacuat ing 

t h e  tube and then opening t h e  cy l inder  valves .  I t  i s  then t r a n s f e r r e d  t o  t h e  

evacuated r e a c t i o n  c e l l  by pressur iz ing  the  tube with helium. An e a r l i e r  

model of t he  apparatus  had a sepa ra t e  s t o r a g e  c e l l  where t h e  BrF3 could be 

p u r i f i e d  by exposure t o  vacuum and bubbling wi th  helium. This  was l a t e r  

found t o  be unnecessary; adequate p u r i f i c a t i o n  be ing  r e a d i l y  achieved i n  

t h e  r e a c t i o n  c e l l  i t s e l f .  When f r e s h  BrF, i s  added t o  t h e  a l ready  

pre- f luor ina ted  c e l l ,  no increase  i n  t h e  helium blank rate i s  observed 

provided t h e  usual  pump-out procedure p r i o r  to  a n a l y s i s  is observed. 

Apparent ly ,  a l l  of t h e  gaseous impur i t ies  present  i n  t h e  BrF, have e i t h e r  

a s u f f i c i e n t l y  high vapor pressure t o  be removed by pumping o r  a f r e e z i n g  

po in t  high enough t o  prevent t h e i r  passage through t h e  e f f l u e n t  co ld  t r a p s  

(- -13OOC). t o  t h e  Brady  apparatus. 

5 



, 

I 'I 

FIGURE 2 H e l i u m  Pur i f i ca t ion  System - Titanium Sponge Furnace and NaK Bubbler 
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The reac t ion  c e l l  i t s e l f  i s  cons t ruc ted  of 3" Monel pipe heliarc-welded 

t o  a 3/8" f lange f i t t e d  with a Teflon "0"-ring. The c e l l  i s  mated t o  a 

2'' Hills-McCanna monel b a l l  valve v i a  an adapter  which provides t h e  neces- 

s a r y  vacuum, helium, and bromine t r i f l u o r i d e  connect ions.  The r e l a t i o n s h i p  

of t hese  pa r t s  may be seen c l e a r l y  i n  F igure  5. D e t a i l s  of cons t ruc t ion  

may be s e e n  i n  Drawings 4012093-785 and -787. The func t ion  of t h e  adapter  

and t h e  various connect ions t h e r e t o  can be b e t t e r  observed i n  Drawing 

4012286-182. The 1/4" d ip- leg  through which BrF, i s  introduced se rves  

a l s o  as a helium i n l e t  so t h a t  t he  gas may be bubbled through t h e  l i q u i d  

BrF, dur ing  t h e  course of an a n a l y s i s .  The o t h e r  helium i n l e t  permits t h e  

c e l l  t o  be purged while  t h e  BrF, i s  f rozen .  A thermocouple w e l l  conta in ing  

a copper-constantan thermocouple i s  provided f o r  temperature  measurement; 

t h e  temperature being read by means of an Assembly Products ,  Inc.  , d i r e c t  

reading  pyrometer c a l i b r a t e d  from -22OoC t o  + 4OoC. 

The sample gas i s  removed from the  r e a c t i o n  c e l l  by purging with helium, 

which then c a r r i e s  t h e  gas t o  t h e  Brady apparatus  for measurement of t h e  

oxygen. En  r o u t e ,  t h e  gas must pass through two e f f l u e n t  co ld  t r a p s  a t  

-130OC i n  order  t o  remove any BrF, or any r e a c t i o n  products  which might 

otherwise i n t e r f e r e  with t h e  a n a l y s i s ,  These t r a p s  are cons t ruc ted  q u i t e  

simply of 3/8" monel tub ing  and a r e  i l l u s t r a t e d  i n  F igure  6 .  

t r a p  has  a l a r g e  e n t r y  tube  of 1" OD monel i n  o rde r  t o  prevent  plugging and 

both t r a p s  a r e  surrounded by Dewar f l a s k s  conta in ing  pentane s lush .  With 

t h e s e  t r a p s ,  helium blank ra tes  of 5-6 micrograms of oxygen per hour can be 

maintained with t h e  r eac t ion  c e l l  a t  room temperature ,  A s  w i l l  be shown 

l a t e r ,  t h e  blank r a t e  i s  dependent upon r e a c t i o n  c e l l  temperature ,  

The f i r s t  

The var ious components of t h e  a n a l y t i c a l  s y s t e m  may be evacuated v i a  a 

manifold constructed of 3/8" monel tub ing  leading  t o  a Welch 1405 mechanical 

pump. I n  order  t o  p r o t e c t  t h e  pump from cor ros ive  vapors ,  two l i q u i d  n i t rogen  

cold t r a p s  a r e  used. The f i r s t  i s  a l a r g e  capac i ty  monel t r a p  i l l u s t r a t e d  

i n  F igure  7 D e t a i l s  of i t s  cons t ruc t ion  a r e  shown i n  Drawings 4012093-786 

;xnd 12012286-1 71 Following t h i s  t rap 1s another  of g l a s s  which r e m o v c s  a n y  

I ' I I I L L ~  t r a c c s  o f  BrF,: or o t h e r  co r ros ive  vapors 
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FIGURE 5 Monel B a l l  Valve-Adapter-Reaction Cell CombinatioL 
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FIGURE 6 E f f l u e n t  Cold Traps 
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FIGURE 7 Monel Cold Trap Assembly 

C 64040820 
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In te rconnec t ing  l i n e s  between the r e a c t i o n  c e l l ,  measuring volume, cold 

t r a p s ,  and rough vacuum s y s t e m  are of 1/4" o r  3/8" Monel tubing--the 

l a r g e r  s i z e  predominating. Connections are made by means of socket-weld 

Monel f i t t i n g s ,  threaded connectors ,  o r  Cajon u l t ra -h igh  vacuum monel 

connectors  wi th  Teflon gaskets--the l as t  gene ra l ly  be ing  used a t  p o i n t s  

where f requent  disassembly w a s  expected. A l l  threaded connect ions were 

s e a l e d  with Teflon tape.  Monel 1/4" D u r c o  plug va lves  w e r e  used exten-  

s i v e l y .  An exploded view of t h i s  va lve  is shown i n  F igu re  8 .  Hoke 482 

bellows va lves  w e r e  used i n  helium l i n e s  where exposure t o  BrF, w a s  no t  a 

problem, and one Hoke M 440 w a s  used t o  sepa ra t e  t h e  a n a l y t i c a l  system from 

t h e  Brady apparatus .  

The potassium ex t rude r  is  e s s e n t i a l l y  t h e  same a s  t h a t  used by NASA and is 

shown i n  Figure 3 and c l o s e  up i n  F igure  9. A complete set of engineer ing  

drawings and s p e c i f i c a t i o n s  are shown i n  Drawings 4012286-444 through -450. 

Modif icat ions such as bellows sealed a c t i v a t o r  rods and a vacuum feed-through 

f o r  t h e  ex t rus ion  rod are i l l u s t r a t e d  i n  F igures  10 and 11. Connection t o  

t h e  high vacuum s y s t e m  i s  accomplished by means of ex tens ion  with a 3.5" 

f l a n g e  a t  t he  r e a r  of t he  extruder .  This  ex tens ion  (shown i n  Drawing 

4012286-445) a l s o  connects  t o  a Veeco RG-75 ion  gauge wi th  which pressures  

a s  low a s  5 x mm Hg have been measured. The h igh  vacuum f o r  t h e  

ex t rude r  is  suppl ied  by means of a Veeco VP-9 pumping s y s t e m  us ing  a 

water-cooled d i f f u s i o n  pump and a Welch 1402 f o r e  pump. The pumping 

capac i ty  of t he  s y s t e m  is  r a t e d  a t  about 85 l i t e rs  pe r  second wi th  a 

backstreaming r a t e  of about .003 c c  per hour a t  25OC. 

C.  The Oxygen Measuring System 

Oxygen measurement is  accomplished by a modified Brady apparatus(6 ,') i n  which 

oxygen, c a r r i e d  i n  t h e  helium stream, r e a c t s  q u a n t i t a t i v e l y  wi th  an a l k a l i n e  

s o l u t i o n  of sodium anthraquinone-@-sulfonate.  The previous ly  reduced 

s o l u t i o n  i s  thereby deco lo r i zed ;  t h e  change i n  absorbance being a measure 

of t h e  amount of oxygen p resen t .  

21 



FIGURE 8 Expanded V i e w  of A l l  Monelqef lon Durco Plug Valve 

C 64070101 
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FIGURE 10 Extruder End Plates with Bellows-Sealed Activator Rods 

C 64040822 
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FIGURE 11 Double Vacuum Feed-Through With Extruder Rod 
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A v i e w  of t h e  oxygen measuring s y s t e m  i s  shown i n  F igure  1 2 ,  and a 

schematic drawing of t h e  Brady apparatus  i n  F igure  13.  The photograph 

i n  F igure  1 2  shows t h e  apparatus  e x a c t l y  as  i t  i s  dur ing  normal u s e ,  

while  t h e  schematic shows i t  with t h e  coulometr ic  c a l i b r a t i o n  c e l l  i n  

p lace .  This is  d iscussed  i n  Sec t ion  111, A .  

A flow-through 1 cm absorp t ion  c e l l  (Figure 14)  with p a r a l l e l  s i d e s  i s  

used,  and absorption measurements a r e  made wi th  a Model 139 Hitachi-Perkin 

E l m e r  spectrophotometer.  The r e s u l t s  are recorded on a Photovol t  Linear/Log 

Varicord Model 43 c h a r t  recorder .  

I11 CALIBRATION OF SYSTEMS 

A .  C a l i b r a t i o n  of t h e  Oxygen Measuring System 

The Brady apparatus was c a l i b r a t e d  by genera t ing  known amounts of oxygen i n  

a coulometric c e l l  a t tached t o  t h e  helium i n l e t  of t h e  Brady appara tus .  A 

known constant  cu r ren t  passing through t h e  c e l l  (conta in ing  10% %SO4) f o r  

a given period of t ine y ie lds  a d e f i n i t e  amount of oxygen. This  amount, i n  

accordance with Faraday ' s  law, may be expressed by t h e  equat ion:  

Micrograms Oxygen = .OS287 1.t 

Where I i s  expressed i n  mill iamperes and t i n  seconds. I n i t i a l l y ,  some 

d i f f i c u l t y  was encountered with the  e l e c t r o l y t i c  ce l l  shown i n  F igure  13 

due t o  po la r i za t ion  and s o l u t i o n  of both generated and atmospheric oxygen 

i n  t h e  e l e c t r o l y t e .  These d i f f i c u l t i e s  were overcome by modifying t h e  c e l l  

as shown i n  F igure  15. A s  a r e s u l t  of t hese  modi f ica t ions ,  d i sso lved  

oxygen could be e f f i c i e n t l y  removed from t h e  e l e c t r o l y t e  by bubbling helium 

through i t .  The f i n e  g l a s s  f r i t ,  through which t h e  helium entered  t h e  c e l l ,  

was so posit ioned t h a t  a s teady  s t ream of helium passed over t h e  anode, thus  

removing any oxygen bubbles which had a tendency t o  c l i n g  t o  i t  a f t e r  t h e  

c u r r e n t  was stopped. D i f f i c u l t i e s  i n  cu r ren t  r e g u l a t i o n  due t o  p o l a r i z a t i o n  

were overcome by a cu r ren t  r e g u l a t i n g  c i r c u i t  shown i n  F igure  16. By means 
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FIGURE 14 Absorption Cell for Brady Apparatus 

C 64040817 
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of t h e  3000 ohm potent iometer ,  t he  mi l l i ame te r  could be p r e s e t  t o  a given 

c u r r e n t  reading. T h e r e a f t e r ,  whenever t h e  c i r c u i t  was c l o s e d ,  a p r e c i s e  

cu r ren t  flow w a s  au tomat ica l ly  maintained r ega rd le s s  of t h e  degree of 

e l e c t r o d e  polar iza t ion  i n  t h e  c e l l .  Current  measurements were made with 

a Simpson Model 37 mil l iameter  reading  from 0-10 mil l iamperes .  The meter 

w a s  ca l ib ra t ed  by measuring t h e  p o t e n t i a l  d rop  ac ross  a s tandard  one ohm 

r e s i s t a n c e  placed i n  series with i t .  Voltage measurements were made with 

a Type K Leeds & Northrup potent iometer .  The r e s u l t i n g  meter c a l i b r a t i o n  

curve is  shown i n  F igure  17.  

A s  can be seen from Table I ,  most of c a l i b r a t i o n  p o i n t s  were obtained wi th  

a generat ing cu r ren t  of 6.10 ma. A t  t h i s  cu r ren t  l e v e l ,  oxygen is being 

generated a t  a ra te  of about 0 . 5  micrograms per  second. I n  order  t o  be 

c e r t a i n  t h a t  none of t h e  generated oxygen was passing through t h e  Brady 

without being absorbed i n  t h e  reagent  s o l u t i o n ,  a number of tests were 

a l s o  run using a genera t ing  cu r ren t  of 2.00 ma. The f a c t  t h a t  both sets 

of po in t s  f a l l  on the  same curve i s  regarded a s  proof t h a t  a l l  of t h e  

oxygen is  recovered a t  t h e  normal flow r a t e  (108 cc/min).  The r e s u l t s  a r e  

d isp layed  graphica l ly  i n  F igure  18. For purposes of c l a r i t y ,  va lues  up 

t o  90 micrograms oxygen a r e  p l o t t e d  on a l a r g e r  s c a l e  i n  F igure  19. 

The procedure employed i n  the  c a l i b r a t i o n  of the  Brady apparatus  was a s  

fo l lows  : 

The l e v e l  of t h e  10% H,SO, i n  t h e  e l e c t r o l y t i c  ce l l  w a s  r a i s e d  so t h a t  t h e  

two e lec t rodes  were j u s t  covered, By means of t h e  Hoke #482 bellows va lves ,  

t h e  helium flow was regula ted  so  t h a t  a s teady  s t ream of helium bubbles 

flowed through the  e l e c t r o l y t e  wh i l e ,  a t  the  same t i m e ,  some helium flowed 

ac ross  t h e  top of t h e  c e l l  ( s ee  Figure 15) .  The three-way stopcock was 

s e t  i n  a pos i t ion  s o  t h a t  a l l  p a r t s  were in te rconnec ted .  The t o t a l  helium 

flow through t h e  Brady apparatus  w a s  f i n e l y  ad jus ted  by means of t h e  needle  

va lve  i n  the Matheson No. 602 flowmeter a t tached  t o  t h e  e x i t  end of t h e  Brady 

appara tus .  The flow reading  on t,he R-2-15-D flow tube was held a t  70 mm 

(108 cc/minute). 
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Micrograms 
Oxygen 

TABLE I 

CALIBRATION DATA - BRADY APPARATUS 

5.06 

10.1 

14.9 

20.2 

25.0 

35.4 

40.1 

50.6 

60.6 

70.4 

80.9 

90.0 

101.1 

121.2 

130 e 0 

141.6 

150.0 

161.9 

180.0 

182.0 

187-0 

Absorbance 

,984 

,962 

,940 

.915 

' 892 

.851 

,830 

,790 

742 

,708 

.650 

.621 

,574 

.500 

.465 

.420 

.388 

e 347 

.283 

.274 

.258 
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Current 

(ma) 
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While t h e  flow w a s  being regula ted ,  t h e  s o l u t i o n  i n  the  Brady apparatus  w a s  

c i r c u l a t e d  through the  z i n c  amalgam reducing column. The Perkin-Elmer 

Spectrophotometer and t h e  Varicord Model 43 c h a r t  recorder  w e r e  turned 

on and t h e  absorbance monitored. With t h e  slit  set a t  about 0.12 mm, t he  

absorbance reached a maximum absorbance va lue  of about 1.000 o r  s l i g h t l y  less. 

I 
I 
I 

A f t e r  t h e  absorbance reached i t s  maximum value  and t h e  gas f low had a t t a i n e d  

a s t eady  s ta te ,  t h e  Teflon stopcocks of t he  Brady apparatus  w e r e  ad jus ted  so 

a s  to  by-pass t h e  reducing column. By s u i t a b l e  manipulation of t h e s e  s top-  

cocks ,  t h e  l e v e l  of s o l u t i o n  i n  t h e  gas s e p a r a t o r  w a s  ad jus ted  t o  the  r e fe rence  

mark. ( I t  is  important  t h a t  t h i s  be done with t h e  f low regula ted  exac t ly  a t  

70 mm on t h e  flowmeter so as t o  ob ta in  t h e  same q u a n t i t y  of reagent  s o l u t i o n  

each t i m e .  Once t h e  l e v e l  has  been set and t h e  s topcocks c l o s e d ,  changes i n  

t h e  f low r a t e  do not  a f f e c t  t h e  q u a n t i t y  of s o l u t i o n  i n  t h e  a n a l y t i c a l  s e c t i o n . )  

The c h a r t  recorder  t r a c e  w a s  observed f o r  a period of about t h i r t y  minutes.  

During t h i s  t i m e ,  i f  t h e r e  w e r e  no  l e a k s  i n  the  sys t em,  t h e  absorbance would 

n o t  change not icably .  The decrease i n  absorbance du r ing  a 45-minute blank 

run  seldom exceeded 0.001 absorbance uni t .  A t  t h i s  l e v e l ,  t h e  blank is 

n e g l i g i b l e  s i n c e  one microgram of oxygen produces an absorbance change of 

about 0.005 u n i t s ,  

A f t e r  t h e  blank l e v e l  ( i f  any) was determined,  t h e  absorbance reading  on 

t h e  c h a r t  recorder  was noted. Then t h e  power supply t o  the  e l e c t r o l y s i s  

c e l l  was a c t u a t e d ,  no t ing  the  time i n t e r v a l  wi th  a stopwatch. A f t e r  purging 

f o r  about 30 t o  45 minutes (depending on t h e  amount of oxygen gene ra t ed ) ,  

t h e  c h a r t  recorder  trace l e v e l e d  o f f  a t  some lower absorbance value.  The 

d i f f e r e n c e  i n  absorbance, cor rec ted  f o r  any b lank ,  was s u b s t r a c t e d  from 

1.000 and p l o t t e d  aga ins t  t he  micrograms of oxygen generated.  
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B. 

Following a c a l i b r a t i o n  run ,  t h e  s o l u t i o n  i n  t h e  Brady apparatus  w a s  

regenerated by c i r c u l a t i n g  through t h e  reducing z i n c  amalgam column. 

A t  t h e  lower oxygen l e v e l s ,  s e v e r a l  runs could be made before  the  s o l u t i o n  

w a s  regenerated.  The absorbance w a s  n o t  allowed t o  d rop  below about 0 . 3  

dur ing  t h e  course of a run. 

Because of the e x c e l l e n t  s t a b i l i t y  of t he  H i t a c h i  Perkin-Elmer spec t ro-  

photometer and Varicord chart  recorder  combination, t h e  absorbance i n  t h e  

range of 0-1.000 can be estimated t o  wi th in  0.002 absorbance u n i t s  w i th  

cons iderable  confidence.  This  accuracy, coupled w i t h  t h e  f a c t  t h a t  t h e  

sample cuvet te  i s  f i x e d  and t h a t  only d i f f e r e n c e s  i n  absorbance, rather 

than  absolute  absorbance values  need be measured, i n d i c a t e  t h a t  t h e  r e l a t i v e  

e r r o r  should be very small by spectrophotometr ic  standards--perhaps less than  

one percent .  

C a l i b r a t i o n  of Weight of Potassium Sample by Extruder  Turns 

In  o rde r  t o  c o r r e l a t e  t h e  number of ex t rude r  t u r n s  t o  t h e  weight of potassium 

ext ruded ,  the fo l lowing  procedure w a s  used: 

Samples of potassium (from NASA, Cleveland) were obta ined  i n  nominal 3/8" 

OD x 6-3/4" s t a i n l e s s  s teel  tubes having one f l a r e d  end. The tubes a r e  

i l l u s t r a t e d  in  F igure  20. A f t e r  removal of the  end caps,  a tube was placed 

i n  t h e  extruder  i n  t h e  normal fash ion .  With t h e  ex t ruder  under high vacuum 

(4  x t o r r ) ,  a small number of t u r n s  w a s  f i r s t  made t o  expose t h e  oxid ized  

end. This  exposed length  w a s  then c u t  of f  wi th  one of t h e  two c u t t i n g  w i r e s  

and discarded i n t o  t h e  waste pan. The sample p iece  w a s  then  extruded,  c u t  

o f f ,  and posi t ioned i n  t h e  cen te r  of t h e  ex t ruder .  The  s i z e s  of t h e  potas- 

sium samples corresponded t o  randomly chosen ex t rude r  t u r n s  i n  t h e  range of 

5 t o  20 turns .  The b a l l  va lve ,  connecting t h e  ex t ruder  and t h e  r e a c t i o n  ce l l  

(which had been evacuated previously by means of t h e  rough vacuum system) was 

opened and t h e  c u t t i n g  w i r e  heated (using t h e  3V b a t t e r y ) ,  caus ing  the  sample 

t o  d rop  i n t o  a 150 m l  g l a s s  beaker contained wi th in  t h e  r e a c t i o n  c e l l .  The 

b a l l  va lve  was then closed and t h e  r e a c t i o n  ce l l  brought t o  atmospheric 

pressure .  
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A f t e r  removal from t h e  c e l l ,  t h e  potassium w a s  immediately t r a n s f e r r e d  t o  

a t a r e d  100 m l  platinum d i s h  and covered w i t h  hexane. The potassium w a s  

then  c a r e f u l l y  reac ted  by dropwise add i t ions  of e thano l  t o  convert  i t  t o  

t h e  alkoxide.  Any potassium adhering t o  t h e  g l a s s  beaker w a s  t r e a t e d  

s i m i l a r l y  and then t r a n s f e r r e d  q u a n t i t a t i v e l y  t o  t h e  platinum d i s h .  

A f t e r  completion of t h e  r eac t ion  with e thano l ,  t h e  sample  was t r e a t e d  wi th  

an excess  of concentrated hydrochlor ic  a c i d  t o  convert  a l l  of t h e  potassium 

t o  t h e  ch lor ide .  The organic  so lven t s  then  were removed by evapora t ion ,  

using in f r a red  lamps. The platinum d i shes  conta in ing  t h e  c h l o r i d e  were 

placed i n  a drying oven a t  12OoC f o r  a t  least  one hour ,  then  t h e  d r i e d  

samples were cooled t o  room tempera ture  i n  a d e s i c c a t o r  and weighed as  

potassium chlor ide .  Subsequently, t h e  equiva len t  amount of potassium was 

c a l c u l a t e d ,  The r e s u l t s  are shown i n  Table  XI and Figure  21. Including 

t h e  po in t  a t  17 t u r n s ,  one can expect a weight determinat ion wi th  less than  

2% e r r o r .  

I V  ANALYTICAL RESULTS 

A .  Analys is  of KB% Addit ions 

During t h e  t h i r d  q u a r t e r  of work on t h i s  p r o j e c t ,  an at tempt  was made t o  

eva lua te  the accuracy of t h e  method by analyzing s y n t h e t i c  samples con- 

t a i n i n g  known amounts of oxygen added i n  t h e  form of potassium bromate. 

General ly ,  t h e  r e s u l t s  were incons i s t en t  and low recover ies  were f r equen t ly  

obtained.  I t  was noted,  however, t h a t  under c e r t a i n  s p e c i f i c  condi t ions  

e s s e n t i a l l y  c o m p l e t e  recovery could be obtained.  I t  was surmised t h a t  

incomplete recover ies  were t h e  r e s u l t  of e i t h e r  t h e  f a i l u r e  t o  remove 

d isso lved  oxygen from t h e  BrF3; t h e  formation of s t a b l e  oxides  of bromine; 

or a combination of t h e s e  phenomena. 

( 8 )  

I n  o rde r  t o  minimize these  p o s s i b i l i t i e s ,  t h e  fol lowing cond i t ions  of 

a n a l y s i s  were s e t  up and adhered t o  i L 1  a l l  subsequent determinat ions:  

I 
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TABLE I1 

D%T#RUNATIW.OF BlLypIJe WEIGHT OF POTA88IUX BY EXTRUSION* 

Extruder Turns 

5 

7 

10 

12 

15 

17 

18 

19 

20 

W t .  of Potassium (g) 

0.2543 

0.3692 

0.5124 

0.6231 

0.7800 

0.9007 

0.9365 

0.9814 

1.0376 

*Obtained by converting K to KC1 and weighing. 
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1. The volume of BrF, i n  t h e  reac t ion  c e l l  was c l o s e l y  con t ro l l ed  and 

he ld  a t  about 25 m l ,  j u s t  s u f f i c i e n t  t o  cover t h e  opening of t h e  

helium dip- leg  i n l e t .  

2. Since  BrF, forms no thermally s t a b l e  bromine o x i d e s c 4 )  , t h e  cel l  t e m -  

pe ra tu re  w a s  regula ted  a t  7OoC by means of a water ba th .  

reasoned t h a t  t h i s  should tend t o  minimize t h e  s o l u b i l i t y  of oxygen 

a s  w e l l  as speed up t h e  d i s s o c i a t i o n  of bromine oxides .  

I t  was 

The a n a l y t i c a l  procedure f o r  t he  KBrO, add i t ions  was t h e  same a s  t h a t  used 

f o r  potassium metal ( see  Sec t ion  I V ,  B) except  t h a t  t h e  samples w e r e  reac ted  

under a p o s i t i v e  pressure  of helium ins t ead  of vacuum. That i s ,  a f t e r  

t h e  sample had been dropped i n t o  t h e  r e a c t i o n  c e l l  under vacuum and a t  

about l i q u i d  n i t rogen  temperature,  t he  c e l l  was prcssur ized  with helium 

and then purged through t h e  Brady t o  e s t a b l i s h  the  helium blank r a t e .  

The cel l  was then warmed t o  +7OoC and t h e  change i n  absorbance, due t o  

sample oxygen noted.  

l a te r )  was avoided. 

I n  t h i s  way,  t h e  "apparatus blank" ( t o  be d iscussed  

The oxygen r ecove r i e s  obtained are  l i s t e d  i n  Table 111. Some d i f f i c u l t i e s  

w e r e  encountered due t o  f l a k i n g  of t he  d r i e d  KBr03 of f  of t he  copper s h e e t s  

on which the  ma te r i a l  was introduced i n t o  t h e  apparatus .  This  may account 

f o r  t h e  s e v e r a l  low r e s u l t s  obtained;  however, t he  average oxygen recovery 

of a l l  samples run under t h e  above-mentioned condi t ions  was 92.1%. 

The samples were prepared from a s tandard  s o l u t i o n  con ta in ing  1.7397 

grams of d r i e d  reagent  grade (assay = 99.8% KBrO,) potassium bromate 

pe r  l i t e r .  Al iquots  of t h i s  so lu t ion  w e r e  then measured onto  1/2 inch 

squares  of previously prepared copper shee t .  Al iquots  were measured wi th  

a sy r inge  microburet Model SB 2 manufactured by t h e  Micro-Metric Instrument 

Company, us ing  a N o  S1/4LT s y r i n g e  c a l i b r a t e d  t o  d e l i v e r  0,200 m i c r o l i t e r s  

p e r  d i v i s i o n  of t h e  micrometer d i a l ,  Af t e r  d i spens ing ,  t h e  s o l u t i o n s  w e r e  

evaporated t o  dryness  under in f r a red  lamps and then baked f o r  one hour a t  

12OoC i n  a d ry ing  oven. 
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TABLE I11 

OXYGEN RECOVERY FROM KBrO, ADDITIONS 

Oxygen Content 
(micrograms 

40 

50 

60 

60 

80 

100 

C = 390 

0, Recovered 
(micrograms) 

27.5 

47.7 

53.3 

58.3 

73.3 

99.0 

c = 359.1 

% Recovery = 92.1 
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The t o p  s e c t i o n  of t he  ex t ruder  which normally con ta ins  the  potassium tube 

w a s  removed and t h e  sample bearing copper shee t  was lowered i n t o  t h e  

e x t r u d e r  and allowed t o  r e s t  upon t h e  b a l l  of t h e  Hills-McCanna b a l l  

v a l v e ,  The ex t ruder  opening was then closed wi th  a 3/8” t h i c k  pyrex 

window and t h e  ex t rude r  pumped down. Opening t h e  b a l l  va lve  then dropped 

t h e  sample (which could be observed through t h e  window) i n t o  the  reaction 

c e l l .  

I t  w a s  noted t h a t  t h e  helium blank, with t h e  r e a c t i o n  c e l l  a t  7OoC, was 

approximately two t o  t h r e e  times t h a t  ob ta ined  with t h e  c e l l  and i ts  con- 

t e n t s  a t  room temperature.  The p u r i f i e d  helium coming from the  NaK bubbler  

c o n t a i n s  about 0.2 ppm of oxygen. A f t e r  pass ing  through t h e  a n a l y t i c a l  

appa ra tus ,  bubbling through BrF, a t  room temperature  en r o u t e ,  t h e  r e s u l t i n g  

helium blanks gene ra l ly  measures between 5 and 10  micrograms of oxygen per 

hour. The average of t h e  s i x  helium blanks obtained dur ing  t h e  ana lyses  of 

t h e  samples l i s t e d  i n  Table I11 with a c e l l  temperature of 7OoC w a s  18.03 

micrograms per  hour. The dependence of t h e  blank ra te  upon cell  temperature 

w a s  la ter  confirmed by observing t h e  blank r a t e  a t  s e v e r a l  temperatures  

d u r i n g  p re - f luo r ina t ion  of t h e  r eac t ion  c e l l  fo l lowing  c lean-out  of t he  

c e l l  and t h e  add i t ion  of f r e s h  BrF,. 

helium blank ra te  w a s  34-3 micrograms pe r  hour. Lowering t h e  c e l l  temperature  

to about 25’C caused t h e  blank r a t e  t o  drop  immediately t o  about 9 micrograms 

p e r  hour. 

With t h e  r e a c t i o n  c e l l  a t  7OoC, t h e  

A primary cons ide ra t ion  i s  t h a t  t h e  blank should remain r e l a t i v e l y  cons t an t .  

That t h i s  condi t ion  i s  m e t  can be seen from t h e  d a t a  p l o t t e d  i n  F igure  22. 

H e r e  t h e  helium blank r a t e s  obtained du r ing  t h e  course of a number of 

potassium analyses  w a s  p l o t t e d  versus t i m e  measured from t h e  d a t e  on which 

t h e  r e a c t i o n  c e l l  w a s  c leaned out and recharged wi th  f r e s h  BrF,. 

helium blank l e v e l s  off  a t  about 16.0 micrograms per  hour;  a value i n  f a i r  

agreement with t h a t  obtained during t h e  a n a l y s i s  of t he  KBrO, s t anda rds  

(18.03 pg/Hr). A s  can be seen from t h e  curve ,  approximately one week of 

p r e f l u o r i n a t i o n  is  requi red  f o r  t h e  helium blank r a t e  t o  reach i ts  l o w e r  

The 
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l i m i t .  Unless t h e  samples t o  be analyzed a r e  q u i t e  low i n  oxygen; however, 

i t  is not  necessary t o  wai t  t h i s  long s i n c e  t h e  r a t e  of change i s  q u i t e  

slow after t h e  t h i r d  d a y  ( l e s s  than 0.5 pg/Hr). 

d a y - t o d a y  blank rate may be due t o  s l i g h t  changes i n  ope ra t ing  cond i t ions  

and gene ra l ly  do n o t  exceed f i v e  micrograms per hour from one day  t o  t h e  

next .  During t h e  course  of any one a n a l y s i s ,  the  change i n  blank rate is 

t h e r e f o r e  n e g l i g i b l e .  The average t i m e  requi red  f o r  a n a l y s i s  of a potassium 

bromate sample is 145 minutes w h i l e  a sample of potassium metal can be 

analyzed i n  90 minutes. Poss ib le  reasons f o r  t h i s  t i m e  d iscrepancy may be t h e  

much g r e a t e r  r e a c t i v i t y  of t h e  potassium m e t a l ,  and t h e  f a c t  t h a t  t h e  metal  

sample is reac t ed  under a p a r t i a l  vacuum, w h i l e  t h e  bromate s tandard is  

reac t ed  under a p o s i t i v e  pressure of helium. 

Small v a r i a t i o n s  i n  t h e  

B. Potassium Analyses 

T h e  r e s u l t s  of oxygen ana lyses  of potassium metal samples a r e  l i s t e d  i n  

Table  IV.  

methods is a v a i l a b l e  is GE-137. 

a c t i v a t i o n  and mercury amalgamation; t h e  r e s u l t s  a r e  a l s o  l i s ted  i n  Table I V .  

While no d e f i n i t e  conclusions can be drawn f r o m  t h e  r a t h e r  l i m i t e d  d a t a  

presented  h e r e ,  i t  would appear t h a t  t h e  r e s u l t s  obtained by t h e  BrF, method 

a r e  h ighes t .  For t h e  reasons mentioned i n  t h e  i n t r o d u c t i o n  t o  t h i s  r e p o r t  

one might very w e l l  expect t h e  values  obta ined  by t h i s  method to  be higher  

than those  obtained by  t he  mercury amalgamation method - p a r t i c u l a r l y  i f  

t h e  potassium were t o  con ta in  apprec iab le  amounts of t r a n s i t i o n  m e t a l  ox ides .  

I t  was hoped t h a t  t h e  BrF3 r e s u l t s  might be i n  reasonable  agreement wi th  

those  va lues  obtained by neutron a c t i v a t i o n ;  however, t hese  l i e  i n  between 

the r e s u l t s  obtained by the  o ther  two methods and are somewhat c l o s e r  t o  

t h e  amalgamation r e s u l t s .  I n  add i t ion ,  t he  rather broad l i m i t s  of error 

of t he  neutron a c t i v a t i o n  va lues  render  these l a t t e r  even more ambiguous. 

The only  sample f o r  which comparative d a t a  by o t h e r  a n a l y t i c a l  

T h i s  sample was analyzed by both neutron 

Considerable  sampling problems were encountered,  due p r imar i ly  t o  the 

presence of oxides  which formed around t h e  sample t u b e  openings 

load ing  opera t ions .  A t  f irst ,  attempts w e r e  made t o  remove t h e  

manually but  t h i s  only aggravated ma t t e r s  and prolonged loading  
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Sample Designat ion  

TABLE IV 

OXYGEN ANALYSES OF POTASSIUM mTAL 
BY THE BrF3 METHOD 

L-lo  - 
288 pprn 
329 
304 
284 
274 

Aver age 296 

Standard Deviation 21.5 

Coef f i c i ent  of Variation 7.27% 

L-20 - J-16 - K-21 - GE-137 

341 ppm 147 ppm 239 ppm 124 ppm 
348 184 2 40 104 
3 51 186 241 127 
350 
339 

346 172 2 40 118 

5.4 22.0 1.0 12.5 

1.56% 12.8% 0.41% 10.6% 

Mercury Amalgamation 0, Analysis  of GE 137: 
(E. Dotson, e t . a l . 1  

53.7 pprn 
52.4 
44.3 
50.8 

Average 50.3 f 7.6 ppm 

Neutron Act ivat ion 0, Analysis  of GE 137: 
(General Dynamics) 

83.5 pprn 
73.1 

Average 78.3 f 23.5 ppm 
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The tubes  w e r e  loaded i n t o  the  extruder  and t h e  ex t ruder  pumped down a s  

qu ick ly  as poss ib l e  i n  an attempt t o  mimimize oxide formation.  P ieces  

of waste potassium w e r e  then  extruded and c u t  off i n  an e f f o r t  t o  remove 

ox ide  d e p o s i t s  around t h e  i n s i d e  edge of t h e  sample tubes.  Unfor tuna te ly ,  

t h i s  was never e n t i r e l y  successfu l  and c l o s e  examination always revea led  

some remaining oxide ;  even though more could be seen on t h e  f r e s h l y  ex- 

t ruded  potassium. I n i t i a l  high r e s u l t s  on a l l  samples w e r e  t h e r e f o r e  

a t t r i b u t e d  t o  t h i s  source of contamination. I n  t h e  case of J-16 and L-20, 

t h e s e  i n i t i a l  va lues  were so  high as t o  exhaust  t h e  reagent  i n  t h e  Brady 

appara tus .  Following t h e  ex t rus ion  of s u f f i c i e n t  potassium, t h e  r e s u l t s  

l eve led  o f f ;  but cons iderable  sample m a t e r i a l  was wasted i n  t h e  process .  

I n  t h e  case  of GE-137, a l a r g e  cav i ty  a t  t h e  mouth of t he  tube  and extend- 

i n g  up i n t o  i t  f u r t h e r  reduced t h e  amount of potassium a v a i l a b l e  and t h u s ,  

t h e  number of samples which could be run. A f t e r  t h e  t h r e e  r e s u l t s  l i s t e d  

i n  t h e  t a b l e ,  fou r  samples,  on J-16 had been ob ta ined ,  a segment of potas- 

sium with a b l ack ,  r a t h e r  f l a k y  su r face  was extruded.  This  proved t o  be 

extremely high i n  oxygen and the  remainder of t h e  tube  w a s  d i scarded .  

In  o rde r  t o  determine whether or not  t h e  r e l a t i o n s h i p  between sample 

weight and oxygen content  was l i n e a r ,  sample weights f o r  L-20 and K-21 w e r e  

va r i ed .  That t h e  r e l a t i o n s h i p  is indeed l i n e a r  can be seen  from a p l o t  

of t h e  r e s u l t s  i n  F igures  23 and 24. The s c a t t e r e d  l o w  va lues  obta ined  

f o r  K-21 were a t t r i b u t e d  t o  an i n s u f f i c i e n t  amount of BrF, i n  t h e  r e a c t i o n  

c e l l ,  i n  which case  t h e  helium dip- leg may not  have extended beneath t h e  

s u r f a c e  of the  l i q u i d .  S ince  the l i q u i d  l e v e l  cannot be observed v i s u a l l y  

du r ing  t h e  course of an a n a l y s i s ,  i t  must be determined i n d i r e c t l y  by 

observ ing  the  helium p res su re  i n  t h e  manifold.  When t h e  reaction cel l  

i s  evacuated,  t h e  BrF, f rozen  with l i q u i d  n i t r o g e n ,  and t h e  helium supply 

valve l ead ing  t o  the  manifold closed;  then opening t h e  d ip- leg  helium i n l e t  

v a l v e  w i l l  only cause the  manifold pressure  t o  drop  about two pounds i f  

t h e  f rozen BrF, l e v e l  i s  high enough t o  c l o s e  off  t h e  opening of t h e  d ip -  

l eg .  I f  t he  l e v e l  is  q u i t e  l o w  the helium w i l l  f low i n t o  t h e  r e a c t i o n  ce l l  

and t h e  manifold pressure  w i l l  drop t o  about two inches  of mercury. 
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When t h i s  occurs ,  dur ing  t h e  i n i t i a l  pump-out preceding a d a y ' s  r u n ,  more 

BrF3 (usual ly  about 5 ml) is added t o  br ing  t h e  l e v e l  up t o  normal. Un- 

f o r t u n a t e l y ,  i f  t he  BrF, i s  j u s t  touching t h e  d i p - l e g , t h e  opening may be 

plugged completely o r  s u f f i c i e n t l y  t o  cause on ly  a ve ry  gradual  drop i n  

manifold p r e s s u r e .  Conversely,  f i s s u r e s  i n  t h e  f rozen  BrF,, even when a 

s u f f i c i e n t  amount is  p r e s e n t ,  may permit helium t o  flow i n t o  t h e  ce l l  

slowly. I n  such cases  i t  i s  d i f f i c u l t  t o  determine t h e  exac t  BrF, l e v e l  

necessary in  order  t o  d u p l i c a t e  t h e  condi t ions  under which complete 0, 

recovery was obtained from bromate add i t ions .  

Of t h e  K-21 analyses  p l o t t e d  i n  F igure  2 4 ,  t h e  0.363 gram sample w a s  

t h e  f i r s t  run. Following t h i s  de te rmina t ion  a l l  t he  low va lues  w e r e  ob- 

t a ined .  Manifold pressure  readings ,  as descr ibed  above, were inde termina te  

dur ing  t h e  course of t hese  ana lyses ;  however, v e r y  gradual  drops i n  p re s su re  

had been observed before  without a f f e c t i n g  t h e  r e s u l t s .  An a d d i t i o n a l  5 m l  

of BrF, were then added t o  t h e  r e a c t i o n  c e l l  and t h e  values  a t  0.311 and 

0.104 grams of potassium were obtained.  A t  t h i s  po in t  t h e  supply of potassium 

was exhausted and no f u r t h e r  analyses  could be conducted t o  v e r i f y  t h e  

hypothesis  t h a t  t h e  low va lues  were t h e  r e s u l t  of incomplete recovery due 

t o  i n s u f f i c i e n t  3rF3. Tes t  r e s u l t s  on t h e  s a m p l e  must t h e r e f o r e  remain 

suspect. a 

The curves p l o t t e d  i n  F igures  23 and 24 i n t e r c e p t  t h e  y a x i s  a t  5.5 and 

8.3 micrograms of oxygen , respec t ive ly .  These values  may be considered as 

repres3nt ing the  "apparatus blank" of t h e  equipment and agree  w e l l  wi th  

ind iv idua l ly  measured apparatus  blanks.  A t o t a l  of s i x  such blank runs 

were made, t h e i r  average va lue  being 7.8 micrograms of oxygen. The 

reagent  blank or  "helium blank r a t e "  a s  i t  is  r e f e r r e d  t o  i n  t h i s  r e p o r t  

i s  determined sepa ra t e ly  and ind iv idua l ly  f o r  each sample,  and r ep resen t s  

t h e  amount of oxygen present  i n  t h e  e f f l u e n t  helium stream a f t e r  i t  has 

passed through t h e  

BrF3 reac t ion  c e l l  

i s  described below 

potassium samples. 

e n t i r e  a n a l y t i c a l  s y s t e m ,  being bubbled through t h e  

a t  7OoC.  

i n  an account of t h e  a n a l y t i c a l  procedure used f o r  

The method of handl ing t h e  helium blank ra te  
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1. Load the  sample tube of potassium i n t o  t h e  ex t rude r  and pump down 

immediately. The loading operat ion should be  performed a s  quickly 

a s  p o s s i b l e  so a s  t o  minimize contamination. Af t e r  t h e  pressure  i n  

t h e  ex t rude r  is less than 3 x t o r r  t h e  a n a l y s i s  may begin.  

2. While t h e  ex t rude r  is pumping down, c h i l l  t h e  cold t r a p s  of t h e  

rough vacuum system w i t h  l i q u i d  n i t rogen .  A f t e r  t h e  t r a p s  a r e  c o l d ,  

s lowly open t h e  va lve  between t h e  monel and t h e  g l a s s  t r a p s .  I f  t h e  

system has been pumped out  prev ious ly ,  t h e  p re s su re  a t  t h e  pump i n l e t  

should no t  exceed about 200 microns be fo re  dropping r a p i d l y  t o  about 

5 microns. The l i q u i d  n i t rogen  l e v e l  i n  t h e  monel t r a p  should be 

maintained a t  not  more than one o r  t w o  inches  while  pumping, Excess 

l i q u i d  n i t rogen  i s  not  necessary t o  t r a p  out  BrF, o r  o t h e r  condensable 

vapors and w i l l  on ly  c h i l l  t h e  t r a p  f l a n g e  t o  t h e  po in t  where t h e  

Tef lon  1* 0" r i n g  w i l l  no longer be a b l e  t o  maintain an e f f e c t i v e  seal. 

3 .  A t  t h i s  p o i n t ,  a l l  a n a l y t i c a l  sys t em va lves  (excluding vacuum s y s t e m  

and heliun? p u r i f i c a t i o n  system) should be c l o s e d ,  i nc lud ing  t h e  va lve  

connect ing t h e  a n a l y t i c a l  system t o  t h e  Brady appara tus .  Af t e r  t h e  

rough vacuum s y s t e m  has a t t a ined  a p re s su re  of about 5 microns,  s l o w l y  

open the  vacuum valve t o  the  r e a c t i o n  c e l l .  The va lve  should be 

opened so t h a t  t h e  vacuum pump gurg les  s l i g h t l y .  Opening t h e  va lve  

too  f a r  o r  too  r a p i d l y  may cause BrF, t o  be c a r r i e d  through t h e  Monel 

f r e e z e  t r a p .  

While t h e  r e a c t i o n  ce l l  is being pumped o u t ,  t h e  va lve  connect ing t h e  

r e a c t i o n  cell  and t h e  e f f l u e n t  cold t r a p s  may be opened and t h e  co ld  

t r a p s  pumped ou t  simultaneously.  Af t e r  t h e  mechanical pump has qu ie t ed  

down, open t h e  va lve  t o  the  vacuum s y s t e m  f u l l y .  While t h e  p re s su re  

drops t o  about 5 microns,  c h i l l  t h e  r e a c t i o n  ce l l  s u f f i c i e n t l y  t o  

f r e e z e  t h e  BrF, and cont inue cool ing  t o  about -5OOC befo re  removing t h e  

l i q u i d  n i t rogen  D e w a r  f l a s k .  While t h e  BrF, i n  t h e  r e a c t i o n  cell  is  

st i l l  f r o z e n ,  open t h e  valve a t  t he  e x i t  end of t h e  second e f f l u e n t  
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cold t r a p ,  thus  pe rmi t t i ng  t h e  l i n e  connect ing t h e  a n a l y t i c a l  s y s t e m  

and t h e  Brady appara tus  to  be evacuated. Before doing so ,  make c e r t a i n  

t h e  valve a t  t h e  en t r ance  of t h e  Brady apparatus  i s  closed les t  s o l u t i o n  

from the Brady be drawn back i n t o  r e a c t i o n  ce l l .  

4. After  t h e  r e a c t i o n  cel l  and e f f l u e n t  co ld  t r a p s  have been pumped down 

t o  about 5 microns,  f i l l  t h e  D e w a r  f l a s k s  surrounding t h e  e f f l u e n t  co ld  

t r a p s  with pentane s lush .  A f t e r  t h e  t r a p s  have cooled t o  below -120°C, 

c l o s e  t h e  va lve  t o  t h e  rough vacuum s y s t e m  and t h e  va lve  between t h e  

roughing cold t r a p s .  Open t h e  d ip- leg  helium i n l e t  t o  check t h e  BrF3 

l e v e l ;  the  manifold pressure  should drop  about 2 pounds and then  s top .  

Close the d ip- leg  helium i n l e t .  Open t h e  helium i n l e t  t o  t h e  r e a c t i o n  

c e l l .  The compound pressure  gauge i n  t h e  helium manifold (see Figure  1) 

w i l l  i nd ica t e  a vacuum of about 25 inches  of mercury. Admit pure 

helium i n t o  t h e  e n t i r e  s y s t e m  by s lowly opening t h e  va lve  connect ing t h e  

manifold t o  t h e  helium supply s y s t e m .  Regulate  t h e  f low by observ ing  

t h e  manifold pressure  gauge and t h e  flowmeter on t h e  helium tank regula-  

t o r .  Do not  exceed about 1.2 cubic  f e e t  per  hour. A f t e r  p re s su r i z ing  

t o  a pos i t i ve  pressure  of about 3 to  5 pounds per square i n c h ,  open 

t h e  valve a l l  t h e  way. 

5. The operat ion of t h e  Brady apparatus  i s  exactly t h e  same as o u t l i n e d  

i n  t h e  Brady c a l i b r a t i o n  procedure,  s e c t i o n  I I I A .  During t h e  preceding 

s t e p s ,  p u r e  helium from t h e  NaK bubbler should be f lowing through t h e  

apparatus and t h e  f low r a t e ,  s o l u t i o n  l e v e l ,  spectrophotometer and re- 

corder  adjusted i n  accordance with t h i s  procedure. The blank ra te  of 

t h e  pure helium should be n e g l i g i b l e  - less than  2 micrograms per  hour. 

Close t h e  va lve  supplying pure helium t o  t h e  Brady and open t h e  valve 

supplying gas from t h e  a n a l y t i c a l  s y s t e m .  Adjust  t h e  flow ra te  t o  

t h e  proper l e v e l  (about 70 mm on t h e  flowmeter).  W a r m  t h e  r e a c t i o n  c e l l  

with warm water to  thaw t h e  BrF, . A f t e r  t h e  temperature  exceeds 25OC, 

c l o s e  t h e  r e a c t i o n  cel l  helium i n l e t  and open t h e  i n l e t  l ead ing  t o  the  
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dip- leg  so t h a t  helium bubbles through the  BrF,. P lace  t h e  ho t  water 

ba th  (7OoC) around t h e  reac t ion  c e l l .  

Observe t h e  blank r a t e  on the recorder  f o r  about 60 minutes.  The 

blank rate should l e v e l  o f f  to  some cons t an t  value y i e l d i n g  a trace 

which i s  a s t r a i g h t  l i n e  corresponding to  about 10-20 micrograms of 

oxygen per  hour. 

6. Afte r  an acceptab le  blank has been ob ta ined ,  again c h i l l  t h e  cold 

t r a p s  i n  t h e  rough vacuum s y s t e m  wi th  l i q u i d  n i t rogen .  Close t h e  

va lves  connecting t h e  B r a d y  and t h e  a n a l y t i c a l  s y s t e m ,  t he  r e a c t i o n  

c e l l  and t h e  e f f l u e n t  co ld  t r a p s ,  and t h e  d ip- leg  helium i n l e t  t o  

t h e  r e a c t i o n  c e l l .  

Employing t h e  same procedure as o u t l i n e d  i n  Steps2 and 3, pump out  

t h e  r e a c t i o n  cell  but  do not pump ou t  t h e  e f f l u e n t  cold t r a p s .  A f t e r  

pumping out  t h e  c e l l ,  c h i l l  it with l i q u i d  n i t rogen  to  about -150OC. 

Small  amounts of helium admitted p e r i o d i c a l l y  i n t o  t h e  r e a c t i o n  c e l l  

w i l l  improve t h e  thermal conduct iv i ty  and speed t h e  cool ing  process .  

A f t e r  t h e  c e l l  is  cooled and a p re s su re  of about 5 microns a t t a i n e d  wi th  

t h e  rough vacuum system, open t h e  l a r g e  b a l l  valve t o  t h e  ex t rude r  

and c l o s e  t h e  va lves  of t h e  rough vacuum sys tem.  The pressure  i n  t h e  

ex t rude r  w i l l  rise momentarily perhaps a s  high as t o r r  but should 

drop  immediately t o  about 2 x t o r r .  Th i s  i s  due p r imar i ly  t o  

helium from t h e  r e a c t i o n  c e l l  which cannot be pumped e f f i c i e n t l y  wi th  

t h e  rough vacuum system. The p r i o r  blank-out of t h e  cel l  w i l l ,  of course, 

have removed a l l  oxygen. There w i l l  a l s o  be some BrF, vapor i n  t h e  

ex t rude r  s i n c e  t h e  upper part  of t h e  r e a c t i o n  c e l l  and adap te r  cannot 

be c h i l l e d  adequately.  This  is  evidenced by a n o t i c e a b l e  odor of BrF3 

whenever t h e  ex t rude r  i s  opened s h o r t l y  a f t e r  a run. 
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7 .  Extrude and c u t  two waste p ieces  of potassium,dropping them i n  t h e  waste 

boa t .  Extrude t h e  requi red  amount of sample potassium and drop  i t  i n t o  

t h e  reac t ion  cel l .  Close the  main b a l l  valve.  

8. Remove the l i q u i d  n i t rogen  D e w a r  from around t h e  r e a c t i o n  c e l l  and re- 

p l ace  i t  wi th  one conta in ing  w a r m  water (- 5OoC). 

c e l l  has warmed t o  about 3OoC, p lace  t h e  e l ec t r i ca l ly  heated h o t  water 

ba th  (70') around t h e  c e l l .  

A f t e r  the r e a c t i o n  

9. Open the  helium i n l e t  valve and, by means of t h e  main helium supply 

va lve  (between t h e  N a K  bubbler and t h e  helium manifold) s lowly p res su r i ze  

the  r eac t ion  c e l l  t o  about one pound p o s i t i v e  pressure.  Close t h e  i n l e t  

va lve  t o  the c e l l  and cont inue t h e  p r e s s u r i z a t i o n  by admi t t ing  helium 

through t h e  dip- leg helium i n l e t .  P re s su r i za t ion  w i l l  be complete a t  

about 4-5 pounds pressure .  

10. S top  the f low of pure helium from t h e  NaK bubbler  t o  t h e  Brady apparatus .  

Open the  r e a c t i o n  c e l l  o u t l e t  va lve  and t h e  Brady i n l e t  va lve  a d j u s t i n g  

t h e  flow with t h e  i n l e t  va lve  t o  about 110 mm on t h e  flowmeter. With 

t h e  needle va lve  on t h e  flowmeter,  lower t h e  f low r a t e  t o  about 70 mm 

(108 cc/min). Note t h e  t i m e  a t  which t h e  flow through t h e  Brady 

apparatus was begun on t h e  char t  recorder .  

11. Af te r  about 5 minutes ,  t h e  absorbance of t h e  Brady  s o l u t i o n  should 

begin t o  decrease.  Complete removal of oxygen from t h e  r e a c t i o n  c e l l  

r equ i r e s  about 75 minutes. Oxygen recovery i s  considered complete 

when the  recorder  trace becomes a s t r a i g h t  l i n e  wi th  a slow i d e n t i c a l  

t o  t h a t  a t t a i n e d  dur ing  t h e  blank-out procedure. The amount of oxygen 

recovered i s  then determined by e x t r a p o l a t i n g  t h e  s t r a i g h t  l i n e  por t ion  

of t h e  t r a c e  back t o  t h e  t i m e  a t  which the  f low through t h e  Brady 

apparatus was begun. The f i n a l  absorbance is  taken as t h e  poin t  at which 

t h i s  l i n e  i n t e r s e c t s  t he  s t a r t i n g  t i m e .  The d i f f e r e n c e  between t h i s  
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value  and t h e  i n i t i a l  absorbance r e p r e s e n t s  t h e  oxygen recovered from 

t h e  sample p lus  the  apparatus blank and i s  converted t o  micrograms of 

oxygen by s u b t r a c t i n g  t h i s  d i f f e rence  from 1.000 and reading  t h e  

corresponding amount of oxygen from t h e  c a l i b r a t i o n  curve ( e i t h e r  

F igu re  18 o r  1 9 ) .  The apparatus blank may be determined by p l o t t i n g  

t h e  amounts of oxygen recovered from d i f f e r e n t  size samples  versus  

sample weight and no t ing  they i n t e r c e p t ;  o r ,  i f  i n s u f f i c i e n t  sample 

i s  a v a i l a b l e ,  by running blank de termina t ions  (7.8 micrograms). The 

helium blank is  automatical ly  sub t r ac t ed  du r ing  t h e  e x t r a p o l a t i o n  

process .  

A t y p i c a l  absorbance p l o t  produced by a potassium sample conta in ing  

51.3 micrograms of oxygen ( including t h e  7.8 microgram apparatus  blank)  

is  reproduced i n  F igure  25. The v e r t i c a l  s e c t i o n  a t  t h e  bottom re- 

p resen t s  pure helium coming d i r e c t l y  from t h e  p u r i f i c a t i o n  sys t em;  

hence,  t h e r e  i s  no d iscernable  change i n  absorbance. The flow of 

sample gas is  begun a t  t he  point marked " S t a r t  f low . Somewhat less 

than 5 minutes l a t e r  ( cha r t  speed = 12 inches per  hour) t h e  absorbance 

begins  t o  drop  and cont inues t o  do so f o r  about 70 minutes.  Af t e r  t h i s  

t i m e  t h e  s lope  remains constant  r ep resen t ing  a helium blank r a t e  of 

16.9 micrograms per hour. 

Up t o  3.5 grams of potassium metal were analyzed i n  a 25 m l  volume 

of BrF3 with no s i g n i f i c a n t  l o s s  of recovery.  A t  t h i s  p o i n t ,  however, 

d i f f i c u l t i e s  developed which w e r e  p r imar i ly  mechanical i n  na tu re .  Owing 

t o  the  r a t h e r  vigorous na ture  of t h e  r e a c t i o n  of t h e  potassium metal 

wi th  BrF,, t he  c e l l  conten ts  were s p a t t e r e d  upon t h e  exposed s u r f a c e  

of t h e  b a l l  i n  t h e  Hills-McCanna valve.  L a t e r ,  du r ing  pump down pro- 

cedures ,  t h e  BrF, would be  evaporated l eav ing  behind what was probably 

t h e  c r y s t a l l i z e d  K F  add i t ion  product o r  KBrF4. This  m a t e r i a l  g radua l ly  

b u i l t  up on t h e  su r face  of the b a l l  u n t i l  i t  prevented e f f e c t i v e  s e a l i n g  

of t h e  va lve  and scored t h e  Teflon s e a t s .  While t h i s  d i d  n o t  permit any 

atmospheric leakage (bonnet and s t e m  s e a l s  prevented t h i s )  i t  d i d  permit 

t h e  body of t he  valve t o  f i l l  wi th  helium and thus  made i t  d i f f i c u l t  to  

pump ou t  t h e  r e a c t i o n  c e l l  success fu l ly  wi th  t h e  rough vacuum sys t em.  
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FIGURE 25 Typical Recorder Trace of Potassium Sample Containing 51.3 Micrograms 
of Oxygen 



Since i t  was considered undesirable  t o  pump l a r g e  q u a n t i t i e s  of gas 

wi th  the  h igh  vacuum s y s t e m ,  owing t o  t h e  presence of BrF, vapors ,  

t h e  s y s t e m  would then have to be cleaned ou t  and t h e  s e a l s  replaced.  

I n  t h i s  manner, a test  of the amount of potassium which could be 

r eac t ed  with a given volume of BrF3 was prevented. This  d i f f i c u l t y  

might be overcome by s u b s t i t u t i n g  another  type  of v a l v e ,  f o r  example, 

a l a r g e  plug v a l v e ,  i n  place of t h e  b a l l  valve.  

C .  Oxygen Recovery from K2C03 Additions 

Other i nves t iga to r s ' " )  have reported p a r t i a l  oxygen recovery from carbonates  

r eac t ed  with BrF, , but  only under r a t h e r  severe cond i t ions .  

co-workers attempted t o  ameliorate  these  condi t ions  by us ing  t h e  KF and SbF5 

a d d i t i o n  compounds of BrF3, which can be employed a t  temperatures  up t o  

5OO0C without t h e  disadvantages of high pressure .  

sodium carbonate  wi th  KBrF4 a t  5OO0C yielded only  74% oxygen. 

t rea tment  with the  ac id  f l a x  BrF2.SbF6 yielded 100%. The d i f f i c u l t y  i n  

o b t a i n i n g  a complete r e a c t i o n  was a t t r i b u t e d  t o  t h e  formation of a v o l a t i l e  

i n t e rmed ia t e ,  carbonyl d i f l u o r i d e ,  which d id  not remain i n  con tac t  with 

t h e  f l u o r i n a t i n g  agent f o r  a s u f f i c i e n t  l eng th  of t i m e .  

Shef t(') and 

A 60 hour t reatment  of 

A s i m i l a r  

I n  v i ew of t he  r e l a t i v e l y  mild condi t ions employed i n  our s tudy  and t h e  

f a c t  t h a t  COFa , i f  formed, would be f rozen  o,ut i n  t h e  e f f l u e n t  cold t r a p s  

(COF2 map. - 114OC); one would expect t h e  oxygen recovery t o  be v e r y  low 

o r  even n e g l i g i b l e .  These expec ta t ions  w e r e  borne out  by t h e  r e s u l t s  which 

a r e  l i s t e d  i n  Table V. 

The carbonate  s tandards  were made up i n  a manner analagous t o  t h a t  used f o r  

t h e  bromate s tandards  employing a s tandard  s o l u t i o n  con ta in ing  2.8794 grams 

of K2C03 per l i t e r .  

heated a t  17OoC f o r  t w o  hours t o  i n s u r e  dehydra t ion .  

t h e  copper boa ts  oxidized v i s i b l y ;  accord ingly ,  0.005'' n i c k e l  shee t  w a s  used 

i n s t e a d .  

bu t  h igher  than those  obta ined  f o r  copper dur ing  t h e  bromate ana lyses .  This  

S ince  &C0:,.2Ha0 l o s e s  water a t  1 3 O o C ,  t he  samples w e r e  

Under these  c o n d i t i o n s ,  

The blanks f o r  t h e  n icke l  f o i l  (16.0 micrograms 02) w e r e  reproducib le  
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TABLE V 

OXYGEN RECOVERY FROM GCO, ADDITIONS 

O x y g e n  C o n t e n t  
(micro g r a m s  1 

0, R e c o v e r e d  
( m i c r o g r a m s )  

30 + 5.3 

60 

90 

90 

120 

C = 390 

% R e c o v e r y  = 0 .33  

- 0.6 
- 8 . 8  

+ 8 . 8  

+ 9.8 

= i- 1.3 
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may have been due t o  t h e  p ick l ing  procedure used t o  c l ean  t h e  shee t  p r i o r  

t o  use .  Ins tead  of H F ,  which was employed i n  t h e  case  of t h e  copper s h e e t ,  

aqua r e g i a  w a s  used. 

The a n a l y t i c a l  procedure f o r  the  carbonate  ana lyses  w a s  i d e n t i c a l  t o  t h a t  

used f o r  potassium samples and an appara tus  blank of 7.3 micrograms w a s  

used i n  c a l c u l a t i n g  t h e  r e s u l t s .  

The i n f e r e n c e  from t h i s  s tudy  i s  t h a t  i f  carbonate  is  present  with oxide 

i n  t h e  potassium only t h e  oxygen from t h e  l a t t e r  i s  recorded by t h e  BrF3 

procedure a s  used. 

V CONCLUSIONS AND RECOMMENDATIONS 

Oxygen va lues  obtained by t h e  BrF, method on potassium metal a r e  r ep roduc ib le ,  

bu t  higher  than those obta ined  by mercury amalgamation. Comparative d a t a  

between t h e  BrF, and neutron a c t i v a t i o n  methods is i n s u f f i c i e n t  t o  r e so lve  

t h e s e  d i f f e r e n c e s .  I f ,  a s  has been p o s t u l a t e d ,  t h e  d i f f e r e n c e s  a r e  due t o  t h e  

presence of thermodynamically s t a b l e  b inary  o r  t e r n a r y  oxide spec ie s  which 

cannot be de t ec t ed  by mercury amalgamation, then t h e  t w o  methods may be regard-  

ed a s  complimentary r a t h e r  than con t r ad ic to ry .  No d e f i n i t i v e  eva lua t ion  of 

t h e  bromine t r i f l u o r i d e  method can be made u n t i l  t hese  d i f f e r e n c e s  a r e  e i t h e r  

explained o r  reso lved .  

E s s e n t i a l l y  complete oxygen recovery was obtained from potassium bromate 

a d d i t i o n s ;  however, t h e  r e s u l t s  obtained from potassium carbonate  a d d i t i o n s  

i n d i c a t e  t h a t  oxygen present  as carbonate  is unrecovered. The p o s s i b i l i t y  

e x i s t s  t h a t  t he  r e a c t i o n  y i e l d s  a carbonyl f l u o r i d e  (COFa) t h a t  i s  t rapped 

o u t .  

The p o s s i b i l i t y  e x i s t s  t h a t  some u n i d e n t i f i e d  r e a c t i o n  products  may be 

pass ing  through t h e  e f f l u e n t  t r aps  and is  being measured a s  oxygen. 

69 



This  p o s s i b i l i t y  could be inves t iga t ed  i n  a number of ways inc lud ing ,  

of cour se ,  mass spectrometer  s t u d i e s .  

There is  no apparent reason why t h e  BrF, method should not  be app l i cab le  

t o  sodium as w e l l  a s  potassium and only  t i m e  l i m i t a t i o n s  prevented t h e  

a n a l y s i s  of sodium samples. Li thium, N a K ,  and cesium present  d i f f e r e n t  

sampling problems and some equipment modi f ica t ions  would be necessary i n  

o rde r  t o  accommodate them. I n  a d d i t i o n ,  t h e  much lower s o l u b i l i t y  of l i t h ium 

f l u o r i d e  i n  BrF, (0.081 f .007 gram moles per 100 grams of s o l u t i o n )  and t h e  

r e a c t i v i t y  of NaK or cesium would present  add i t iona l  but r e so lvab le  problems. 

The app l i ca t ion  of t h e  BrF3 approach is p e r t i n e n t  f o r  t he  a n a l y s i s  of 

oxygen i n  l i th ium.  While the  l i t e r a t u r e  v a r i e s  toward t h e  a p p l i c a b i l i t y  

of t h e  amalgamation or a l k y l  h a l i d e  methods f o r  o t h e r  a l k a l i  me ta l s ,  t h e r e  

appears t o  be common agreement t h a t  each (or o t h e r  methods) i s  inadequate  

f o r  l i th ium.  With t h e  inc reas ing  u t i l i t y  of l i t h i u m ,  t h e  spec ie s  obta ined  

by i n t e r a c t i o n  with BrF, i s  of p o s i t i v e  i n t e r e s t .  

showed t h a t  n i t rogen  was l i b e r a t e d  from t i t an ium by bromine t r i f l u o r i d e  and 

could be measured manometrically. The l i b e r a t i o n  of n i t r i d e  n i t rogen  

from l i th ium (as N, or NF3) would be expected along with oxygen from t h i s  

a l k a l i  metal. 

The work of Dupraw") 

A number of minor equipment modif icat ions could be made i n  o rde r  t o  improve 

t h e  performance of t h e  e x i s t i n g  apparatus  and t o  f a c i l i t a t e  f u t u r e  a n a l y t i c a l  

needs.  Replacement of t h e  l a r g e  b a l l  va lve  by some o the r  type  less s u b j e c t  

t o  seal damage has a l ready  been mentioned. Provis ions  could be made f o r  

c l ean ing  out t h e  r e a c t i o n  c e l l  without disassembly or exposing t h e  i n t e r i o r  

of t h e  vesse l  t o  moisture  or a i r .  While t h i s  would, of cour se ,  n e c e s s i t a t e  

r a t h e r  complicated add i t ions  t o  t h e  appara tus ,  t h e  t i m e  spent  i n  pre-f l u o r i n a t -  

i ng  t h e  equipment a f t e r  each cleanout  would be saved. A BrF3 l i q u i d  l e v e l  

sens ing  device u t i l i z i n g  t h e  r a t h e r  high e l ec t r i ca l  conduc t iv i ty  of BrF, 

could a l s o  be placed i n  t h e  r e a c t i o n  c e l l .  
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Before t h i s  method i s  appl ied  t o  t h e  a n a l y s i s  of more r e a c t i v e  a l k a l i  metals 

such as cesium, some thought should be given t o  t h e  i n s t a l l a t i o n  of s a f e t y  

equipment t o  handle excess ive  p re s su res ,  should they be encountered. This  

might c o n s i s t  simply of a s a f e t y  tank connected t o  t h e  r e a c t i o n  cel l  and 

sepa ra t ed  from i t  by a monel rupture  d i s k .  Such s a f e t y  precaut ions  should 

a l s o  be considered i f  very l a r g e  samples of potassium or  sodium are t o  be 

run.  
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